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The effects of loading rate on the compressive strength and elastic modulus of
rocks have long been recognized. It has been found that rock compressive strength
decreases with the loading rate. A primary concern of this effect arises when one
applies the laboratory-determined properties of intact rock in the design and stability
analysis of rock under in-situ conditions. The strength properties obtained from
laboratory testing under a relatively high loading rate (normally about 0.5-1.0 MPa
per second as specified by the American Society for Testing and Materials — ASTM)
tend to be greater than those of the geologic structures during constructions. The
discrepancy between the laboratory-determined properties and the actual in-situ
properties also depends on rock types, loading characteristics and the project duration.

The objectives of this research are to experimentally assess the effect of
loading rate on the compressive strength of three types of sandstone and to derive a
strength criterion that explicitly incorporates the loading effect. Rate-controlled
uniaxial, rate-controlled triaxial compressive strength tests and quasi-static loading tests
have been performed to assess the loading rate effects on the strength and stiffness of
sandstone specimens. The applied axial stresses are controlled at constant rates of
0.001, 0.01, 0.1, 1.0 and 10 MPa/s. The confining pressures are varied from 0, 3, 7 to

12 MPa. The sandstone strengths and elastic moduli tend to increase exponentially



with the loading rates. The effects seem to be independent of the confining pressures.
To consider all three principal stresses at failure the rock stiffness is defined as a
function of the rate of the second order of stress invariant (6J,/ot). Assuming that the
energy required to fail the specimen for each rock type is independent of the applied
loading rate, a multi-axial strength criterion based on the strain energy density is
developed by taking into consideration the rate-dependent strength and stiffness of the
rock. The distortional strain energy density (W) defined as a function of mean stress
(om) can well describe the sandstone strengths within the range of the loading rates
tested here. The proposed strength criterion is useful for predicting the strength and
deformation characteristics of in-situ rocks subject to loading rates that are different

from those used in the laboratory.
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